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Description 

Field of the Invention 

[0001] The present invention relates generally to sen- 
sor systems using conductive fal»ric, and more specifi- 
cally to conductive fabric sensor systems that can oper- ' 
ate either as a switch or weight sensor. 

Background of the Invention 

[0002] There are many applications for weight sen- 
sors which can be used to facilitate a triggering system 
or attenuate a triggering system that is made operative 
automatically upon the occurrence of certain events. 
One such circumstance is the deployment of safety air- 
bags from a vehicle interior. It has t>een widely reported 
that the force with which such airbags are deployed can 
cause injury to the very persons such bags are thought 
to protect The force of deployment is especially detri- 
mental to children and other small persons below a cer- 
tain weight. A sensor used In combination with the air- 
bag that could record, interpret and transmit signals to 
the airbag release mechanism related to the weight of 
the occupant currently in the car seat would be highly 
advantageous. In a sophisticated airbag release sys- 
tem, the rate and degree of Inflation could be adjusted 
to occur in safe proportion to the weight of the seat oc- 
cupant so as to reduce the degree of potential injury due 
to high velocity deployment. Document DE 38 39 134 C 
shows a sensor embedded in a vehicle seat. 

Brief Description of the Invention 

[0003] Briefly stated, and in accordance with a pres- 
ently pretended embodiment of the invention, a sensor 
embedded in a vehicle seat for detenmlnlng the nature 
of a person or object occupying the seat includes a layer 
of compressible material having a plurality of apertures 
extending therethrough from a first surface to a second 
surface of the layer, a first layer of conducthre fabric on 
a first surface, a second layer of conducthre fabric on a 
second surface, and a sensor connected to the first and 
second layers of conductive fabric for measuring the 
electrical resistance therebetween for detemnlnlng the 
nature of a person or object occupying the seat. 
[0004] in accordance with another aspect of the in- 
vention, the layer of conductive fabric is stretchable in 
one direction. 

[0005] in accordance with still another aspect of the 
invention, a layer of conductive fabric is stretchable in 
two directions. 

[0006] In accordance with a further aspect of the in- 
vention, one of the layers of conductive fabric has a 
higher resistivity measured in ohms per square than the 
other layer of conductive fabric, and a sensor is connect- 
ed behween spaced apart points on the higher resistivity 
layer of conducth/e fabric for measuring the resistance 
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between the spaced apart points. 
[0007] While the novel aspects of the Invention are set 
forth with particularity in the appended claims, the in- 
vention Itself, together with other objects and advantag- 
5 es thereof may be more readily comprehended by ref- 
erence to the following detailed description of a present- 
ly prefeaed embodiment thereof, taken in conjunction 
with the accompanying drawings, in which: 

10 Rgure 1 Is a top plan view of a seat sensor in ac- 
cordance with a presently pretend embodiment of 
the Invention; 

Figure 2 Is a section talcen along lines 2-2 of Figure 
1; 

19 Figure 3 is a section view of the sensor pad of the 
Invention in an uncompressed state; 

Rgure 4 Is a section view of the sensor pad of the 

invention in a compressed state; 

Rgure 5 is a diagrammatic view of a seat sensor 

20 system In accordance with the Invention, including 
a plurality of sensor pads having different charac- 
teristics; 

Figure 6 is a diagrammatic view of an enDbodiment 
of the invention that relies on the capacitance 

25 change as a foam layer is compressed; 

Rgure 7 Is a view of the sensor pad of Rgure 6 with 
a weight being applied thereto; 
Figure 7a is a section talcen along the lines 7a-7a 
of Rgure 7; and 

30 Rgure 8 is a plan view of an embodiment with lo- 
calized shorting pads on one fabric layer 

Description of the invention 

35 [0008] According to the present invention, the system 
can function either as a switch or as a weight sensor or 
both. The operating range and/or function of the sensor 
depends upon the way the materials are cut, adhered, 
or Interconnected and upon the relative stability of the 

40 sunounding support structure. 

[0009] As shown in Rgures 1 and 2, the basic pre- 
fened construction of the sensor is a five-layer laminate 
although any suitable layered structure may be suitable. 
In the prefenred five-layer system the basic construction 
comprises the following elements: a first layer of con- 
ductive fabric 1 0; a layer of adhesive 1 2; a layer of com- 
pressible foam 14; a layer of adheshre 1 6; and a second 
layer of conductive fabric 18. 

[0010] The preferred fabric can be conducth^e 
50 throughout or conductwe on one side only, and may be 
stretchy and flexible in one direction, both directions (x 
and y) or in neither direction. The conductivity must be 
matched to the properties of the other materials to pro- 
duce a trigger or sensing in the desired range of weight. 
55 If the fabric is conductive on one side only, then that side 
must be against the foam. 

[0011] The prefenred adhesh^e must be sufficiently 
strong to adhere the fabric to the foam throughout the 
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life of the sensor or switch. The adhesive must be ap- 
plied to the foam prior to any holes being cut, so that 
where there is a hole in the foam, there will be no adhe- 
sive on the fabric, as shown in Figures 2 and 3. 
[0012] The preferred foam thiclcness, compression 
set and mechanical configuration preferably detemiine 
the functionality of the sensor. The foam must withstand 
repeated compression and flexing cycles as would nat- 
urally attend seat usage. 

[0013] The preferred switch construction relies on the 
size and spacing of openings In the foam over the func- 
tional range. For instance, using an ester based foam 
having a thickness of about 0.25 in. thiclc 2 pound foam 
with approximately 0.40 in. diameter holes or pores 
spaced on about 0.1 in. centers might provide a trigger- 
ing effect at about 50 pounds per square foot. Removing 
some of the holes, changing hole diameters, changing 
the spacing or changing the foam properties wilt pro- 
duce a new trigger point In terms of weight distribution 
measured as pounds per square foot. The trigger point 
will also be affected and manipulated by altering the stiff- 
ness of the support structure. 
[0014] According to the present invention, as shown 
in Rgure 4 in one preferred embodiment, the switch op- 
eration relies on the fiexa^ility of the conductive fabric 
and the conpressibility of the foam. In operation, the 
foam 14 must compress somewhat, and the fabric 10, 
1 8 must extend into the holes in the foam. At* some point, 
the upper and lower fabric will touch, producing a con- 
ductive pathway. The switch relies on the flexibility of 
the support structure (both top and t>ottom) to push the 
fabric into the holes in the foam far enough to maice con- 
tact between the two pieces of fabric. For instance, if the 
switch is placed on a finn table top, it will not woric, be- 
cause the lower fabric surface will never raise up 
through the holes In the foam to come in contact with 
the other fabric surface. 

[0015] in one prefened embodiment, as shown in Rg- 
ures 6, 7, and 7a, the construction of the sensor of the 
present Invention relies on the capacitance effects of the 
fabric/foam laminate. As the two conductive layers 10, 
1 8 are brought closer together by pressure, the distance 
between the fabric will change and the capacitance of 
the assembly can be measured. The capacitance value 
can be calibrated to provide a weight value. This assem- 
bly requires a continuous foam surface 1 4 with no holes, 
so that the two fabric surfaces cannot touch one another. 
[0016] Figure 5 shows an embodiment of the inven- 
tion in which a plurality of sensors is provided on a ve- 
hicle seat for detenmlning the nature of a package or a 
person occupying the seat. Each of the sensors 30, 32, 
and 34 is fomied in any of the manners described In the 
application, and is positioned with respect to the seat, 
so as to be actuated by a person sitting on the seat or 
an object placed thereon. For example, the sensor 30 
may be placed on the seat, the sensor 32 disposed in 
the center of the seat so that it would be actuated by a 
person sitting on the seat but not by a car seat whose 



rails would straddle sensor 32, and sensor 34 could be 
positioned on the seat back. In this way, by noting the 
signals produced or not produced by loads applied to 
the three sensors, the nature of the person or thing oc- 

5 cupying the seat could be determined. 

[0017] Figure 8 shows another embodiment of the In- 
vention. In this embodiment, the bottom fabric layer 18 
is characterized by a measurable resistivity, such as 
1-10 ohms per square, and the upper fabric layer 10 Is 

10 selectively conducth^e, so that pressure must be applied 
In certain areas to create a short circuit between spaced 
apart k>catlons on lower fabrk: area 18. This will allow 
the location of loads on the sensor to be detennined 
without the need for a matrix of inputs and outputs. For 

t5 example, a person occupying a seat would be expected 
to create pressure close to the center of the sensor, 
while a car seat having side rails wouki exerf nrK>re pres- 
sure at the edges and less at the center. Center pad 40 
covers a 3 x 3 an^ay of squares, and even if short circuits 

20 were aeated covering all nine of the openings, only a 
relatively small change in resistance would take place. 
However, longerconductive pads 42 and 44 whk:h cover 
a relatively smaller number of openings, but a longer dis- 
tance would produce a greater change In resistance, 

25 which could readily be detected by known means. 
[0018] It will, of course, be understood that the 
present invention has been described above purely by 
way of example, and modifications of detail can be made 
within the scope of the invention as defined in the claims. 

30 

Claims 

1 . A sensor embedded in a vehicle seat for detenmin- 
35 ing the nature of a person or object occupying the 

seat comprising 

a layer of compressible material (14) having a first 
surface and a second surface, characterised by 
a first layer of conductive fabric (1 0) on the first sur- 
40 face; 

a second layer of conductive fabric (1 8) on the sec- 
ond surface; 

a detector connected to two points on the conduc- 
tive fabric (10, 18) for monitoring the electrical re- 
45 sistance or capacitance therebetween for determin- 
ing the nature of a person or object occupying the 
seat. 

2. The sensor of claim 1 in which the layers of conduc- 
50 tive fabric (1 0, 1 8) are stretchable in one direction. 

3. The sensor of claim 1 in which the layers of conduc- 
tive fabric (10, 18) are stretchable in two directions. 

55 4. The sensor of any of claims 1 to 3 in which the first 
layer of conductive fabric (10) has a very low resis- 
tivity, measured in ohms per square. 
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5. The sensor of any of claims 1 to 3 in which the first 
iayer of conductive fabric (10) has a relatively high 
resistivity, measured in ohms per square. 

6. The sensor of any of claims 1 to 5 in which the first 
layer of conductive fabric (10) comprises a contin- 
uously conductive fabric. 

7. The sensor of any of claims 1 to 5 in which the first 
layer of conductive febric (1 0) comprises a locally 
conductive fabric iayer having conductive regions 
and non-conductive regions. 

8. The sensor of any preceding claim, wherein the lay- 
er of compressible material (14) having plurality of 
apertures leading between the first surface and the 
second surface, said detector being arranged to 
monitor resistance between points on different con- 
ductive fabric layers (10, 18). 

9. A sensor according to any preceding dalm, wherein 
the layer of compressible material (1 4) has a plural- 
ity of apertures extending therethrough; the first lay- 
er of conductive fabric (10) on the first surface has 
a first resistivity, dose to zero; 

the second layer of conductive fabric (18) on the 
second surface has a higher resistivity than the first 
layer; and 

said detector is connected to spaced apart points 
on the second layer of conductive fabric (18) for 
measuring the resistance between the points and 
producing a signal corresponding to ttie measured 
resistance for indicating the nature of a person or 
object occupying the seat. 

10. The sensor of claim 9 in which the first iayer of con- 
duc^e fabric (10. 18) comprises a plurality of 
spaced apart conductive patches separated by low 
conductivity regions. 

1 1 . The sensor of claim 1 0 in which the plurality of con- 
ductive patches overiies at least two apertures in 
the layer of compressible material (14). 

1 2. A sensor according to any preceding claim, where- 
in: said layer of compressible material (14) is a di- 
electric layer, and ;sald detector is connected to the 
first and second layers of conductive fabric (1 0. 1 8) 
for measuring the electrical capacitance therebe- 
tween for detemnlning the nature of a person or ob- 
ject ocx^upying the seat. 



PatentansprOche 

1. Sensor, der In einen Fahrzeugsitz eingebettet ist 
zur Bestimmung der Beschaffenheit einer Person 
Oder eines Gegenstandes, die den Sitz einnehmen 



mit einer Schicht aus zusammendrOckbarem Mate- 
rial (14) mtt einer ersten RSche und einer zweiten 
FISche, gekennzelchnet durch 
eine erste Schicht aus leltendem Stoffgewebe (10) 
5 auf der ersten FIdche; 

eine zweite Schicht aus leltendem Stoffgewebe (1 8) 
auf der zweiten FISche; 

eInen Detei^or, der an zwei Punicte auf dem leiten* 
den Stoffgewebe (10, 18) angeschlossen Ist, um 
10 den elektrischen Widerstand Oder die Kapazitanz 
dazwischen zu Ctt)en¥achen zur Bestimmung der 
Beschaffenheit einer Person Oder eInes Gegen- 
standes, die den Sitz einnehmen. 

'5 2. Sensor gemdB Anspruch 1, bel welchem die 
Schichten aus leltendem Stoffgewebe (1 0, 1 8) in ei- 
ne RIchtung dehnbar sind. 

3. Sensor gemaB Anspruch 1, bei welchem die 
20 Schichten aus leltendem Stoffgewebe (10. 18) In 

zwei RIchtungen dehnbar sInd. 

4. Sensor gemaB irgendeinem der Anspruche 1 bis 3, 
bei welchem die erste Schicht aus leltendem Stoff- 

25 gewebe (10) einen sehr niedrigen spezlTischen 
elektrischen WMerstand, gemessen in Ohms pro 
Quadrat, aufweist. 

5. Sensor gemaB irgendeinem der Anspruche 1 bis 3. 
30 bei welchem die erste Schicht aus leltendem Stoff- 
gewebe (10) einen relativ hohen speziflschen elek- 
trischen Widerstand, gemessen in Ohms pro Qua- 
drat, aufweist. 

35 6. Sensor gem§B irgendeinem der AnsprOche 1 bis 5, 
bei welchem die erste Schicht aus leltendem Stoff- 
gewebe (10) einen durchgehend leltenden Stoff 
aufweist. 

40 7. Sensor gemaB irgendeinem der Anspruche 1 bis 5, 
bei welchem die erste Schicht aus leltendem Stoff- 
gewebe (10) eine ortiich leitende Stoffschicht mit 
leltenden Berelchen und nicht leltenden Bereichen 
umfasst 

45 

8. Sensor gemaB Irgendeinem vorherigen Anspruch, 
wobel die Schicht aus zusammendrOckbarem Ma- 
terial (14) eine VIelzahl von Offnungen aufweist, die 
von der ersten Flache bis zur zweiten Flache durch- 
so gehen, wobel der Detektor dafur angeordnet ist, 
den Widerstand zwischen Punkten auf verschiede- 
nen leltenden Stoffschlchten (10, 18) zu Qbenva- 
chen. 

55 9. Sensor gemaB Irgendeinem vorherigen Anspruch, 
wobel die Schicht aus zusammendriickbarem Ma- 
terial (1 4) eine VIelzahl von Off nungen aufweist, die 
sich durch sle hindurch enstrecken; 



4 



7 



EP0855307B1 



8 



wobef die erste Schicht au8 leitendem Stoffgewebe 
(10) auf der ersten Fl&che elnen ersten spezin- 
schen elektrischen Widerstand nahe Null aufweist; 
wobei die zwefte Schtcht aus leitendem Stoffgewe- 
be (1 8) auf der zweiten Fliche einen hdheren epe- 
zifischen elektrischen WkJerstand als die erste 
Scfiicht aufwelst; und 

wobei der Detektor an vonelnander beat>standete 
Punkte auf der zweiten Schicht aus leitendem Stoff- 
gewebe (18) angeschlossen ist, urn den Wkter- 
stand zwischen den Punkten zu messen und ein Si- 
gnal entsprechend dem gemessenen Widerstand 
zu erzeugen, urn die Beschaffenheit einer Person 
Oder eines Gegenstandes, die den Sitz einnehmen, 
anzuzelgen. 

10. Sensor gemdB Anspruch 9, bel wek:hem die erste 
Schicht aus leitendem Stoffgewebe (10) eine Vlel- 
zahl von mit Abstand angeordneten, leitenden Fel- 
dem aufWeist, die durch Beretohe mIt niedriger Lelt- 
fghigkelt vonelnander getrennt sind. 

11. Sensor gemaB Anspruch 10, bel welchem die Viel- 
zahl leitender Feldermlndestenszwel Offnungen in 
der Schicht aus zusammendrCtekbarem Material 
(14) abdeckt. 

12. Sensor gemaB Irgendetnem vorherigen Anspruch, 
wobei: die Schicht aus zusammendruckbarem Ma- 
terial (14) eine nicht leitende Schk:ht 1st; wobei der 
Detektor an die erste und zwerte Schicht aus leiten- 
dem Stoffgewebe (10, 18) angeschlossen ist, um 
die elektrische Kapazitanz dazwischen zu messen 
zur Bestlmmung der Beschaffenheit einer Person 
Oder eines Gegenstandes, die den Sitz einnehmen. 



Revendlcatlons 

1 . Capteur 'ms6r6 dans le si^ge d'un vdhicute pour d^ 
terminer la nature d'une peisonne ou d'un objet oc- 
cupant le sidge, comprenant : 

une couche de mat^riau compressible (14) 
comportant une premiere surface et une secon- 
de surface, 

caracterise par 

une premiere couche de tissu conducteur (1 0) 
sur la premiere surface; 

une seconde couche de tissu conducteur (1 8) 
sur la seconde surface; 

un d§tecteur connects k deux points sur le tis- 
su conducteur (1 0, 1 8) pour surveiller la resistance 
ou la capacity ^lectrique entre eux pour determiner 
la nature d'une personne ou d'un obJet occupant le 
sidgc. 



2. Capteur selon la revendbation 1 . dans lequel les 
couches de tissu conducteur (1 0, 1 8) sent extensi- 
bles dans une diractlon. 

5 3. Capteur seton la revendk^tlon 1 , dans lequel les 
couches de tissu conducteur (10, 1 8) sent extensi- 
bles dans deux directions. 

4. Capteur selon t'une quelconque des revendlcatlons 
^0 ins, dans lequel la premiere couche de tissu con- 
ducteur (10) a une tr^s falbte rdslstMtd, mesur6e 
en ohms par carr6. 

5. Capteur selon rune des revendlcatlons 1 3, dans 
15 lequel la premiere couche de tissu conducteur (1 0) 

a une r§8istlvit6 relathfement dievte, mesurde en 
ohms parcarr6. 

6. Capteur selon Tune des revendlcatlons 1^5, dans 
20 lequel la premiere couche de tissu conducteur (1 0} 

comprend un tissu contlnueltement conducteur. 

7. Capteur selon Tune quelconque des revendk:ations 
1 £i 5, dans lequel la premiere couche de tissu con- 

25 ducteur (1 0) comprend une couche de tissu locale- 
ment conducteur conportant des regions conduce 
trices et des regions non conductrtees. 

8. Capteur selon Tune quek^onque des revendk:ations 
30 pr^cedentes, dans lequel la couche de matdriau 

compressible (14) ayant une plurality d'ouvertures 
mettant en communk:atk>n la premi&re surface et la 
seconde surface, ledit d^tecteur dtant agence pour 
sunreiller la resistance entre des points sur des cou- 
35 ches differentes (1 0, 1 8) de tissu conducteur. 

9. Capteur selon Tune quelconque des revendk:ations 
precedentes, dans lequel : 

40 la couche de materiau compressible (1 4) a une 

plurality d'ouvertures s'etendant k travers ce- 
lui-ci; 

lapremierecouche de tissu conducteur (1 0) sur 
la premiere surface a une premiere resistrvfte 

45 voisine de z6ro; 

la seconde couche de tissu conducteur (1 8) sur 
la seconde surface a une reslstivlte plus eievee 
que la premiere couche; et 
ledit detecteur est connecte k des points ecar- 

so tes sur ta seconde couche de tissu conducteur 

(1 8) pour mesurer ia resistance entre les poins 
et produire un signal correspondent k la resis- 
tance mesuree pour indiquer la nature de la 
personne ou de Tobjet occupant le siege. 

55 

1 0. Capteur selon la revendication 9, dans lequel la pre- 
miere couche de tissu conducteur (10, 18) com- 
prend une plurallte de zones conductrices ecartees 
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86par6e8 par des regions de faible conductivity. 

11. Captour selon ta revendication 10, dans lequel la 
plurality de zones conductiices ycait^es recou- 
vrent au moins deux ouvertures dans la couche de 5 
mat6riau compressible (14). 

1 2. Capteur selon Tune quelconque des revendications 
pryc^dentes, dans tequet : 

10 

ladite couche de matdriau compressible (14) 
est une couche diytectrique; et 
ledit d^tecteurest connects aux premiere et se- 
conde couches de tissu conducteur (10, 18) 
pour mesurer la capacity yiectrique entre elles ^5 
pour dytenminer la nature de la personne ou de 
I'objet occupant te siyge.. 
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